Overcoming avoidance in anxiety disorders: The contributions of Pavlovian and operant avoidance extinction methods by Simon, Dymond
 Cronfa -  Swansea University Open Access Repository
   
_____________________________________________________________
   
This is an author produced version of a paper published in:
Neuroscience & Biobehavioral Reviews
                                                
   
Cronfa URL for this paper:
http://cronfa.swan.ac.uk/Record/cronfa48050
_____________________________________________________________
 
Paper:
Dymond, S. (2019).  Overcoming avoidance in anxiety disorders: The contributions of Pavlovian and operant
avoidance extinction methods. Neuroscience & Biobehavioral Reviews, 98, 61-70.
http://dx.doi.org/10.1016/j.neubiorev.2019.01.007
 
 
 
 
 
 
Released under the terms of a Creative Commons Attribution Non-Commercial No Derivatives License (CC-BY-NC-
ND). 
 
_____________________________________________________________
  
This item is brought to you by Swansea University. Any person downloading material is agreeing to abide by the terms
of the repository licence. Copies of full text items may be used or reproduced in any format or medium, without prior
permission for personal research or study, educational or non-commercial purposes only. The copyright for any work
remains with the original author unless otherwise specified. The full-text must not be sold in any format or medium
without the formal permission of the copyright holder.
 
Permission for multiple reproductions should be obtained from the original author.
 
Authors are personally responsible for adhering to copyright and publisher restrictions when uploading content to the
repository.
 
http://www.swansea.ac.uk/library/researchsupport/ris-support/ 
 Running Head: AVOIDANCE EXTINCTION 
 
Overcoming Avoidance in Anxiety Disorders: The Contributions of Pavlovian and 
Operant Avoidance Extinction Methods 
 
Simon Dymond1,2  
1 Experimental Psychopathology Lab, Department of Psychology, Swansea University, Park 
Campus, Swansea, SA2 8PP, United Kingdom. 
2 Department of Psychology, Reykjavík University, Menntavegur 1, Nauthólsvík, 101 
Reykjavík, Iceland. 
 
 
Correspondence: Simon Dymond PhD, Experimental Psychopathology Lab, Department of 
Psychology, Swansea University, Singleton Campus, Swansea, SA2 8PP, United Kingdom. 
 
Declarations of interest: None 
 
Highlights 
• Narrative review of extinction of avoidance methods in humans. 
• Operant and Pavlovian avoidance extinction has implications for clinical disorders. 
• Further research is needed on the validity of avoidance extinction. 
  
Avoidance Extinction 2 
Abstract 
 
Avoidance is generally adaptive, yet excessive threat-avoidance may soon become maladaptive 
and lead to functional impairment and psychopathology. Laboratory-based treatment research 
has provided important insights about the acquisition, maintenance, and extinction of 
maladaptive avoidance. Despite this, laboratory research on avoidance learning and extinction 
in humans is relatively underdeveloped. A better understanding of avoidance extinction 
methods has implications for basic research with humans and the development of treatment 
interventions aimed at replacing maladaptive behavior with an adaptive, functional repertoire. 
The present article reviews, for the first time, the use of the term extinction in human research 
on avoidance, contrasts existing Pavlovian and operant approaches to the extinction of 
avoidance, considers the validity of approaches to avoidance extinction, and suggests a 
consistent terminology and research gaps for future translational research on anxiety and 
related disorders.  
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1. Introduction 
Faced with potential threat or danger, avoidance is adaptive. For instance, washing 
one’s hands before eating is a healthy way of reducing the likelihood of infection and 
preventing illness. However, hand-washing is considered maladaptive when it becomes 
excessive and disconnected from its motivational function (i.e., to avoid germs) and is a 
common symptom in clinical disorders such as obsessive-compulsive disorder (OCD). Such 
maladaptive avoidance can lead to impairment and, ultimately, psychopathology because it 
prevents disconfirming experiences and insulates the individual from learning about the 
actual outcomes of one’s behavior. As a result, avoidance soon becomes the default way of 
coping with threat, both real and imagined (Dymond & Roche, 2009; Treanor & Barry, 
2017). 
Avoidance is a key diagnostic feature of anxiety- and stress-related disorders 
(American Psychiatric Association, 2014) and treatment of maladaptive avoidance is a 
central focus of exposure therapy, which is the established form of cognitive-behavioral 
therapy for anxiety related disorders (Barlow, 2002; Hofmann & Hay, 2018; Scheveneels et 
al., 2016; Vervliet et al., 2013). Basic and clinical research aimed at improving the 
effectiveness of exposure therapy and preventing relapse has, however, tended to prioritize 
other learning mechanisms, such as fear extinction learning (Craske et al., 2018). As a result, 
comparable research on the learning processes responsible for the acquisition and 
maintenance of maladaptive avoidance is relatively underdeveloped, despite the central status 
of avoidance in psychopathology (Cain, 2018; Dymond & Roche, 2009; Hofmann & Hay, 
2018; Krypotos et al., 2015; LeDoux et al., 2016; Pittig et al., 2018; Treanor & Barry, 2017). 
Moreover, research on the treatment or extinction of avoidance and its eventual reduction or 
replacement is lacking. 
Avoidance Extinction 4 
 In research with humans, Pavlovian fear (threat) conditioning paradigms are 
combined with operant action-consequence learning to model the learning and unlearning 
(extinction) of clinically relevant fear and avoidance (LeDoux, 2014; LeDoux et al., 2016). In 
threat conditioning, a threatening stimulus (conditional stimulus, CS+) is followed by an 
aversive event, such as electric shock (unconditioned stimulus, US), while another, safe 
stimulus (CS-) is not. Presentations of CS+, but not CS-, come to elicit conditioned fear 
responses (CR). Avoidance learning may involve overt responses (e.g., a button pressing; 
called active avoidance) or withholding responses (called passive avoidance) with the result 
that responding or not responding minimizes or prevents contact with the scheduled US1. In 
fear extinction learning, the CS+ is no longer followed by the US, and the CR gradually 
declines. In commonly employed versions of avoidance extinction procedures, the US is 
withheld and is hence no longer predicted by the CS+. Given this arrangement, although the 
option to engage in avoidance is available, it is unnecessary because the aversive event is no 
longer scheduled, and avoidance should ultimately extinguish (i.e., reduce). Avoidance under 
these arrangements can appear remarkably resistant to extinction as participants continue to 
actively engage in (excessive) avoidance responding. Other procedures to extinguish 
avoidance actively prevent avoidance responses from being made and may or may not 
withhold the US. Generally, despite variability in how avoidance extinction procedures are 
implemented, the threat conditioning and avoidance learning paradigm has proven excellent 
validity as a laboratory-based treatment model for anxiety and related disorders (Arnaudova 
et al., 2017; Dymond et al., 2018; Krypotos et al., 2018; Scheveneels et al., 2016; Vervliet & 
Raes, 2013; Zuj & Norrholm, 2019). 
***Insert Figure 1 About Here*** 
                                                     
1  The present article is concerned with avoidance extinction procedures in active avoidance learning 
only. 
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Leaving aside research on threat conditioning and extinction learning for now, 
research on avoidance extinction in humans has increased steadily since the late 1970’s 
(Figure 1). Within this literature, two variant procedures for the extinction of avoidance – 
withholding the US and either permitting or preventing opportunities to engage in avoidance 
– are commonplace and have been used somewhat interchangeably. However, avoidance is 
remarkably persistent in extinction in both humans and nonhumans (e.g., Malloy & Levis, 
1988; Rodriguez-Romaguera et al., 2016; Solomon et al., 1953; Williams & Levis, 1991) and 
may even renew fear when the availability of avoidance returns after successful extinction 
learning has occurred (van Uijen et al., 2018; Vervliet & Indekeu, 2015). Precise reasons for 
these adverse side-effects of avoidance renewing fear following extinction learning, and the 
implications for exposure therapy, remain unclear (Treanor & Barry, 2017).  
A re-examination of the learning processes involved in the extinction of avoidance is 
therefore required (Beckers & Craske, 2017; Cain, 2018; Dunsmoor et al., 2015; Dymond & 
Roche, 2009; Krypotos et al., 2015; LeDoux et al., 2016; Pittig et al., 2018; Riccio & 
Silvestri, 1973; Treanor & Barry, 2017). Given that nowadays it is accepted avoidance 
involves an instrumental component (Cain, 2018; LeDoux et al., 2016), then understanding 
the extinction of avoidance requires a consideration of the contributions of operant 
conditioning research. Moreover, the relative need for further contemporary work on 
avoidance extinction contrasts with the literature on fear extinction learning (Craske et al., 
2018) which “focuses almost exclusively on removing passive fear reactions, with no 
inclusion of avoidance in the fear conditioning history or during the extinction test phase. 
Hence, little is known about the effects of fear extinction on avoidance extinction.” (Vervliet 
& Indekeu, 2015, p.2). In basic research with humans, as the above examples illustrate, 
extinction of avoidance has been defined interchangeably and studied using different 
procedures. With this in mind, the present article describes criteria that should be met for 
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extinction of avoidance to be inferred from Pavlovian and operant preparations. Indeed, as 
discussed later in the review, some (operant) methods for the extinction of avoidance may 
require the repeated delivery of unavoidable USs until attempts to actively avoid the US 
cease. That is, conditioned fear responses remain, however avoidance responses cease to 
occur. 
Avoidance behavior, as a form of operant negative reinforcement, may be understood 
“in terms of transitions between situations as well as by postponement or prevention of 
events within a situation.” (Hineline & Rosales-Ruiz, 2013, p. 502). Methodologically, these 
“transitions between situations” are arranged during extinction of avoidance procedures by 
removing, rescheduling or preventing a previously effective contingency between the 
avoidance response and the aversive event. Avoidance extinction procedures resemble a 
transition state (Sidman, 1960) between the learning history involved in acquiring avoidance 
and the arrangement of consequences intended to undermine or overcome avoidance. A better 
understanding of operant and Pavlovian avoidance extinction procedures therefore not only 
has implications for basic research on the acquisition, maintenance, and reduction of 
avoidance but may also speak to treatment interventions aimed at replacing non-adaptive 
behavior with a more adaptive repertoire (Friman & Dymond, 2018). 
Recent reviews of avoidance have focused on issues arising from the historical 
adaptation of threat conditioning paradigms (Beckers & Craske, 2017; Dymond & Roche, 
2009; LeDoux et al., 2016), theoretical developments in avoidance learning only with little 
attention paid to the extinction of avoidance (Corr, 2013; Krypotos et al., 2015; LeDoux & 
Daw, 2018), the role of associative learning of avoidance in the treatment of anxiety and 
related disorders (Arnadouva et al., 2017; Pittig et al., 2018; Treanor & Barry, 2017), 
behavioral and neuroimaging findings from animal-human translational research (Kirlic et 
al., 2017), the impact of avoidant-like safety behavior in exposure therapy (Meulders et al., 
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2016) and coping with pain (Vlaeyen et al., 2016), and on distinct learning mechanisms such 
as generalization (Dymond et al., 2015, 2018). No existing review has focused exclusively on 
avoidance extinction procedures. 
The aims of the present paper are therefore to: 
A. review the use of the term extinction in human research on avoidance. 
B. contrast existing Pavlovian and operant approaches to the extinction of avoidance. 
C. consider the validity of approaches to avoidance extinction. 
D. suggest a consistent terminology and research gaps for future translational work to 
guide empirical understanding and therapeutic interventions for anxiety and related 
disorders.  
In what follows, the present article will briefly describe avoidance learning research, 
the various types of avoidance extinction procedures from Pavlovian and operant research 
with humans and give representative examples of research employing the various procedures 
to illustrate the methodological features involved. Where relevant, overlap with extinction 
methods employed in other, related domains will be considered and highlight implications for 
future research on avoidance extinction and anxiety disorders.  
2. Theories of avoidance learning  
Historically, avoidance has been studied within associative learning and operant 
conditioning traditions, and often quite separately (Dymond & Roche, 2009; Higgins & 
Morris, 1984; Krypotos et al., 2015; LeDoux et al., 2016). Classical work on avoidance has 
tended to be dominated by two-factor theory which maintains that associative and operant 
processes combine to produce and maintain avoidance responding (Bolles, 1973; Mowrer, 
1947). According to two-factor theory, which stems from both the associative and operant 
traditions, the CS comes to elicit fear responses following its prior associative pairing with 
the US (when the avoidance response did not occur). During avoidance learning, the fear 
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elicited by the CS is said to mediate operant avoidance responses that occur in its presence, 
with avoidance being jointly maintained by escape from the CS (as avoidance usually 
terminates the CS) and by an immediate reduction in its fear eliciting properties. Two-factor 
theory has several limitations, not least that it “relies on fear to promote avoidance 
responding and fear reduction to reinforce it’’ (Lovibond, 2006, p. 119). Doing so places 
unwarranted explanatory emphasis on a subjective state (fear) to explain overt behavior 
(Dymond & Roche, 2009; LeDoux et al., 2016). Indeed, historically, some of the problems 
for two-factor theory stemmed from the observation that “every trial is an extinction trial 
once avoidance is fully acquired. This should extinguish fear elicited by the CS in and of 
itself, diminishing the motivation to perform the avoidance response. Yet avoidance persists 
and is quite resistant to extinction.” (LeDoux et al., 2016; p. 3).  Two-factor theory also 
struggles to explain instances of avoidance where CS termination does not occur and when, 
more broadly, avoidance serves to only reduce or postpone US frequency, like in free-operant 
discriminated avoidance procedures (Herrnstein, 1969). This notwithstanding, contemporary 
accounts of avoidance have sought to develop variations of two-factor theory (e.g., Gray, 
1975; Lovibond, 2006; Maia, 2010; Seligman & Johnson, 1973). Other approaches have 
argued it was a misconception to consider avoidance as nothing more than a Pavlovian 
response and that avoidance may instead be considered part of a defensive mechanism for 
surviving threats (LeDoux & Daw, 2018). While such an approach does emphasize the 
instrumental-operant basis of avoidance, it remains silent on the various avoidance extinction 
procedures which might follow the adoption of a new approach. 
 Since the advent of two-factor theory and its variants, the challenge for operant 
conditioning remains to explain how the absence of an aversive event can function as a 
negative reinforcer for avoidance responding (Bolles, 1973). That is, how can the non-
occurrence of shock maintain ongoing avoidance behavior, and what are the implications for 
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extinction of avoidance? According to the operant approach, avoidance is an instance of 
negatively reinforced behavior that serves to prevent or reduce contact with an aversive event 
(US) and, as a result, avoidance increases in future probability (Hineline & Rosales-Ruiz, 
2013). Negative reinforcement is a learning process and a widely accepted empirical fact, and 
the consequences of avoidance may involve prevention, postponement or reduction in 
intensity/frequency of occurrence of an event. In this way, operant accounts of avoidance can 
readily explain the (often delayed) reinforcing absence of an aversive event because they do 
not require “consequences being contiguous with behavior if they are to reinforce it” 
(Hineline & Rosales-Ruiz, 2013, p. 494). It is therefore noteworthy that most free-operant 
research on avoidance has employed postponement procedures (Hineline, 1981) with or 
without warning signals in which avoidance responses prevent or postpone the scheduled 
aversive event, but in the absence of continued responding, the aversive event still occurs. 
The explanatory potential of operant theory was further elaborated by classic research on 
Sidman avoidance (Sidman, 1953) showing that avoidance in the absence of external warning 
stimuli is maintained by an overall reduction in US-frequency (Herrnstein & Hineline, 1966), 
a finding further supported by research with humans (Baer, 1961; Hassoulas et al., 2014; 
Lejuez et al., 1998). In discriminated free-operant avoidance, responding in the presence of a 
warning signal delays upcoming shock, but responses during a safety signal (or absence of 
the warning signal) have no effect (Flores et al., 2018). As a result, responding becomes 
discriminated, occurring at higher rates under stimulus conditions leading to aversive event 
frequency reduction (see Schöenfeld (1950) and Dinsmoor (1977) for alternative accounts 
based on the role of temporal or proprioceptive stimuli in unsignaled avoidance). 
3. Varieties of avoidance extinction 
The persistence of avoidance in extinction is widely noted (Rodriguez-Romaguera et 
al., 2016; Solomon et al., 1953). For some, habitual avoidance is said to persist during 
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extinction because it has become a form of defensive action or habit, disconnected from the 
initially reinforcing, goal-oriented consequence of aversive event removal (Gillan et al., 
2016; LeDoux et al., 2016). However, it is not the aim of the present review to consider the 
relative merits of such accounts or the role of fear and avoidance in anxiety disorders per se 
(for reviews, see Krypotos et al. 2015; LeDoux & Daw, 2018; LeDoux et al. 2016; Pittig et 
al., 2018). Instead, the aim of the present paper is to review the different procedures used in 
the extinction of avoidance and to remain agnostic on the conceptual status of the persistence 
of avoidance behavior in humans. 
It is noteworthy that an established body of literature exists on the extinction of 
positively reinforced behavior (Lerman & Iwata, 1996) and Pavlovian associative extinction 
(Todd et al., 2014; Rescorla, 2001). The same cannot be said about avoidance extinction in 
humans. The present paper therefore represents the first such attempt to synthesize these 
disparate literatures. In what follows, varieties of avoidance extinction procedures will be 
distinguished by the theoretical approach from which they stem: Pavlovian and operant, 
respectively (see Figure 2). 
***Insert Figure 2 About Here*** 
3.1 Pavlovian extinction procedures 
 3.1.1 Fear extinction. Pavlovian extinction procedures, also referred to as Pavlovian 
fear extinction (Krypotos et al., 2015), involve repeatedly presenting a CS in the absence of 
the US (e.g., shock; see Figure 2). The contingencies surrounding the avoidance response 
usually remain unchanged from the preceding threat conditioning phase and transitions 
between phases tend to be unsignaled. Avoidance is therefore still possible, and although all 
shock is withheld, responding may be considered unnecessary as the US is withheld 
(Lovibond et al., 2009; Vervliet et al., 2017); when avoidance continues, it is considered 
resistant to extinction (Solomon et al., 1953). Fear extinction is widely used in human 
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research on avoidance extinction – in fact, it is probably the most common procedure due 
largely to the fact that it models exposure treatment (Craske et al., 2018; Vervliet et al., 
2013). 
Fear extinction produces discriminable effects on avoidance acquired with different 
reinforcement rates (Xia et al., 2017), with partially reinforced avoidance extinguishing more 
readily than continuously reinforced avoidance. Interestingly, Xia et al. noted avoidance 
acquired under conditions that were wholly ineffective at preventing shock, extinguished 
more rapidly than partially reinforced avoidance when shock was subsequently withheld. 
Other research with humans has employed fear extinction procedures to investigate low-cost 
avoidance (Vervliet & Indekeu, 2015; Vervliet et al., 2017; Rattel et al., 2017), avoidance 
generalization (Boyle et al., 2016; Cameron et al., 2015; van Meurs et al., 2014), the impact 
of safety signal learning (Sheynin et al., 2014) and the effects of US devaluation (Flores et 
al., 2018; Gillan et al., 2014). 
3.1.2 Response prevention with fear extinction. This procedure involves presenting 
the relevant CS in the absence of the shock US and simultaneously preventing the avoidance 
response from occurring (Figure 2). Response prevention procedures, often termed extinction 
with response prevention (ExtRP), may entail either instructing participants that the 
avoidance response is no longer available or removing the cue for avoidance availability 
(Vervliet & Indekeu, 2015). Intended to mimic conditions of exposure therapy, specifically 
exposure plus response prevention (Rodriguez-Romaguera et al., 2016; van den Hout et al., 
2011), the response prevention procedure leads to reliable extinction of avoidance in both 
humans (Vervliet & Indeku, 2015) and nonhumans (Baum, 1966; Rodriguez-Romaguera et 
al., 2016) and is the most effective treatment for OCD (Olatunji et al., 2010). 
Vervliet and Indeku (2015) compared combined response prevention (implemented by 
either removing the on-screen cue signaling avoidance availability or via instruction), 
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through the removal of an onscreen cue for avoidance availability, and fear extinction with 
fear extinction only. They found that elevated levels of fear-ratings and avoidance behavior 
returned when the opportunity to avoid was again available. Overall, it was concluded that 
“response prevention can renew avoidance behaviors and lead to renewed expectancy of 
harm” (p.10). Vervliet et al. (2017) employed a similar procedure, referred to as fear 
extinction, but including a response prevention component. They found that avoidance 
responses readily extinguished in such circumstances and did not recover during delayed 
extinction recall testing, while SCR, threat expectancy, and relief pleasantness ratings 
initially increased but decreased during extinction. 
 In a human fMRI study, Schlund et al. (2015) conducted extinction testing where cues 
were presented in the absence of the US (point loss) and the opportunity to avoid and found 
that activity in dorsal anterior cingulate (dACC) and dorsal medial prefrontal cortex (mPFC) 
mediated avoidance of unavoidable cues. This is particularly noteworthy given that ACC and 
mPFC may serve opposing functions (Myers & Davis, 2007; Schlund et al., 2016). In 
Vervliet et al. (2017), under these conditions of response prevention (i.e., removal of the 
onscreen avoidance cue), the avoidance response could still be made yet was not recorded. In 
order to track extinction of avoidance and the adoption of clinically relevant patterns of 
responding, such as a ‘better safe than sorry’ protective mechanism (Lommen et al., 2010), it 
is advisable to continuously record avoidance behavior during transition. 
Roche et al. (2008) found that the symbolic generalization of avoidance extinction 
was more effective when a generalized cue was extinguished via response prevention (i.e., 
disabling the operant response key) than when a directly conditioned cue underwent fear 
extinction (see also, Vervoort et al., 2014). Rattel et al. (2017) employed a variant ExtRP 
procedure in their study on avoidance costs by withholding shock on trials and preventing 
one possible avoidance response option involving a short, low-cost option. 
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3.1.3 Response prevention + US presentation. This procedure involves preventing 
the occurrence of the avoidance response in the presence of the CS and need not involve 
withholding the US (see also the sections on operant extinction procedures below). Boeke et 
al. (2017) recently extended a rodent model of avoidance to the human fMRI environment in 
which one group of participants (the yoked extinction group) received shock presentations 
matched to the active avoidance group, but without the opportunity to avoid (i.e., response 
prevention). This yoked extinction with response prevention procedure lead to enhanced 
conditioned responding (indexed via skin conductance) to new and existing threats, compared 
to a procedure where shock was withheld and avoidance possible.  
Recently, Krypotos and Engelhard (2018) employed a novelty-based extinction 
procedure developed by Dunsmoor et al. (2015) and found that it had comparable effects on 
return of avoidance and explicit fear ratings to standard response prevention and extinction. 
This approach was centered on the possibly ambiguous role of the CS during ExtRP 
procedures for avoidance extinction (Bouton, 2002). This account argues that unpaired 
presentations of the CS establish a new extinction memory (i.e., that the CS is now no longer 
followed the US) which competes with the initial acquisition memory (i.e., that the CS is 
followed by the US). The novelty-based extinction procedure involves the CS being followed 
by a novel, neutral event (e.g., a tone) and is intended to reduce the ambiguity of the CS by 
the end of the extinction procedure. 
3.2 Operant extinction procedures 
Three general procedural approaches to the operant extinction of negatively reinforced 
behavior, like avoidance, may be identified (Lattal et al., 2013).   
3.2.1 Removing the aversive event. This operant extinction procedure involves 
eliminating delivery of the aversive event (e.g., shock) and is usually implemented after 
training on a free-operant avoidance schedule (Higgins & Morris, 1984). “Shock elimination” 
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(Lattal et al., 2013, p. 87) procedures like this are, on the one hand, comparable to 
“continuously delivering all negative-reinforcer-free periods, independent of responding” (p. 
87) and, on the other hand, similar to “an abolishing operation in the same way that allowing 
continuous access to a positive reinforcer abolishes it as a positive reinforcer” (p. 87). In 
operant research, abolishing operations are a type of motivational operation intended to 
decrease reinforcer effectiveness (Laraway et al., 2003). Eliminating shock deliveries is thus 
assumed to undermine the negatively reinforced avoidance response by making it 
unnecessary.  
On the face of it, shock elimination resembles Pavlovian fear extinction procedures 
described above (Figure 2). The procedure differs however in that it is usually conducted 
after free-operant avoidance training (signaled or unsignaled) in extensive test sessions where 
extinction is demonstrated only after continuously-recorded responding decreases to zero or 
near-zero levels. Generally, findings show that free-operant avoidance responding 
extinguishes when the negative reinforcer is either temporarily removed or fully eliminated 
(Ayres et al., 1974).  
3.2.2 Making the aversive event noneliminable. This operant extinction method 
involves eliminating the response-shock removal (cancellation or postponement) contingency 
(Baum, 1970; Higgins & Morris, 1984); that is, shock occurs regardless of responding (i.e., it 
is noneliminable; see Figure 2). Operant extinction methods like making the aversive event 
non-eliminable parallel mechanisms of safety behavior coping where, for instance, a socially 
anxious individual remains in an aversive social situation and uses avoidance-based safety 
behaviors to manage their anxiety. In such instances, the feared consequences may still occur 
(e.g., being spoken to) despite avoidance.  
 Making shock noneliminable is effective as an extinction procedure because “it 
engenders maximal change between training and extinction conditions” (Higgins & Morris, 
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1984, p. 258); responding which previously prevented shock is now followed by shock and 
should ultimately lead to a reduction in avoidance. Presenting shock at the end of signaled 
avoidance trials has been shown to extinguish free-operant avoidance responding in rats 
(Davenport & Olson, 1968; Davenport et al., 1971) and humans (Hefferline et al., 1959; 
Greene & Sutor, 1971). Baum (1970) recommended behavior therapists consider combining 
this procedure with response prevention as a “true” way of extinguishing avoidance.  
In applied behavior analysis, an extinction method based on continuing to present the 
negative reinforcer, called escape extinction, is effective at reducing problem behavior such 
as food refusal (Iwata, 1987; LaRue et al., 2011; Piazza et al., 2003). The negative reinforcer 
in this case is the removal of food which is the consequence of attempts to refuse or escape 
from food presentations; decades of applied research shows that if food is continuously 
presented, and escape prevented, that it leads to sustained reductions in food refusal. To date, 
however, no studies have employed this procedure in research on avoidance extinction with 
humans.  
Eliminating the response-shock removal contingency and, in effect, replacing it with a 
response-shock contingency, on the face of it, resembles a punishment procedure but the 
learning principles involved are quite distinct (Baron, 1991; Dinsmoor, 1977; Estes, 1969; 
Hineline & Rosales-Ruiz, 2013; Jean-Richard-Dit-Bressel et al., 2018). Punishment occurs 
when “some specified behavior produces a consequence, resulting in a subsequent decrease 
in the occurrence of that behavior” (Hineline & Rosales-Ruiz, 2013, p. 483). In punishment, 
the consequence can take one of two forms: “the presentation of a stimulus or situation 
(positive punishment) or (b) the removal of a stimulus or situation (negative punishment)” 
(Hineline & Rosales-Ruiz, 2013, p. 485). Avoidance and punishment appear similar, but they 
are in fact functionally distinct; the former leads to an increase in the frequency of behavior, 
while the latter decreases behavior. One coherent means of classifying these seemingly 
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divergent events is by function; that is, what are the functional consequences of behavior that 
produces or causes an aversive event like shock to occur? Defined in functional terms, a 
procedure may only be deemed to be an instance of punishment if it results in the suppression 
of behavior. 
This notwithstanding, as an extinction procedure, making shock non-eliminable 
approximates a form of positive punishment. However, it is in fact contraindicated to 
superimpose a punishment contingency on a learned, negatively-reinforced behavior like 
avoidance (Lerman & Vorndran, 2002). Positive punishment is effective at reducing 
positively reinforced behavior and often occurs in contexts where the reinforcers (e.g., food) 
and putative punishers (e.g., shock) differ. Presenting response-contingent shock (i.e., 
implementing a positive punishment procedure) following a period of avoidance learning 
does involve manipulations of the same aversive consequence (shock), but with ostensibly 
different functional effects. On the one hand, the absence of shock is negatively reinforcing 
(and serves to maintain ongoing avoidance), while on the other, the contingent presentation 
of shock is generally behavior-reductive (punishing) for multiple responses and classes of 
behavior, not just avoidance. In research on punishment, there is, however, no requirement 
that the punisher be either formally or functionally related to the reinforcer used in the 
acquisition of the behavior. In such cases, and for present purposes, superimposing punisher 
deliveries on previously learned avoidance responses is assumed to have a general reductive 
effect on the suppression of behavior (cf. Solomon et al., 1953). Such an arrangement is more 
likely to be used when the functional reinforcers that maintain the behavior are difficult or 
impossible to identify (Azrin & Holz, 1966; Dinsmoor, 1998). 
3.2.3 Response-independent termination of the aversive event. This operant 
extinction procedure involves arranging shock-free periods independent of responding 
(Figure 2). Providing response-independent deliveries of the negative reinforcer (i.e., shock-
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free periods) has been shown to reduce negatively-reinforced responding in pigeons (Hutton 
& Lewis, 1979) and rats (Coulson et al., 1970) to near-zero levels. Hutton and Lewis (1979) 
first arranged brief, fixed deliveries of shock and reinforced pigeons’ (escape) responding 
with longer, shock-free periods. Additional shock-free periods were also available 
independently of responding and it was found that escape responding decreased as response-
independent presentations of the negative reinforcer increased. By ensuring responding had 
no effect on shock delivery, Coulson et al. (1970) observed that free-operant (Sidman) 
avoidance response rates in rats were less resistant to extinction than under conditions when 
shock was withheld. That is, response rates were higher during noncontingent shock 
conditions (referred to as “shock-extinction”), than under no-shock extinction conditions. 
Presenting noncontingent shock to extinguish avoidance behavior provides “more similarity 
to the avoidance procedure than extinction by removing the shock completely” (Coulson et 
al., 1970, p.310) because “shocks … tell the animal that it is in an avoidance situation” 
(Sidman, 1966, p.485). 
The response-independent presentation of the negative reinforcer resembles procedures 
used in applied behavior analysis with time-based schedules of positively-reinforced behavior 
to reduce problem behavior (Geiger et al., 2010; Poling & Normand, 1999) and have long 
histories in operant and Pavlovian conditioning (Skinner, 1938; Rescorla & Skucy, 1969). 
Noncontingent escape procedures allow periods of escape, usually from instructional 
demands, by disrupting the response-escape contingency (Vollmer et al., 1995). That is, 
response-independent (time-based) delivery of escape from aversive tasks undermines the 
relation between problem behavior and escape from task demands. Making the reinforcer 
(i.e., breaks from demands) freely available means that the deprivational or motivational 
states responsible for establishing the effectiveness of the reinforcer in the first place are 
weakened, and thus reducing the likelihood of the problem behavior from continuing to 
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occur. When that reinforcer is the absence of shock, the motivation for engaging in escape or 
avoidance is undermined. Viewed as transition states, contingencies like these provide 
multiple opportunities to establish alternative means of obtaining reinforcement and have 
implications for therapy by providing other ways of achieving relief and safety (Vervliet et 
al., 2017).  
Research with humans employing response-independent shock presentations is limited. 
Angelakis and Austin (2018) found that non-contingent presentation of safety signals (cues 
previously indicating that avoidance was successful) eliminated avoidance behavior in 
participants scoring high in obsessive compulsive disorder (OCD) traits. Related findings 
from research on fear extinction has shown that unpaired shocks during extinction 
strengthened extinction learning compared to normal extinction treatment (Culver et al., 
2018; Vervliet et al., 2010). Relatedly, superior fear reduction effects are found with a US 
habituation procedure compared to traditional extinction (Haesens & Vervliet, 2015). In an 
ABA renewal paradigm (where the traditional extinction group received trials of the danger 
cue in context B, whereas the US-habituation group received shock-only trials in context B), 
it was observed that after US habituation, participants showed ‘renewal' of US-expectancy 
during danger cue tests in context A, but that skin conductance measures were eliminated 
across contexts. The relevance of US habituation remains to be seen in the context of 
research on avoidance extinction with humans. 
3.3 Comparison of operant extinction of avoidance procedures 
 Both eliminating the negative reinforcer and response-independent presentation of the 
negative reinforcer procedures lead to immediate reductions in responding but also reduced 
exposure to the negative reinforcer (i.e., periods without shock). This is not necessarily a 
limitation in the domain of aversive control and translational research aimed at augmenting 
exposure therapy for anxiety disorders, but it may be a sufficient drawback when the negative 
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reinforcers include typically appetitive (i.e., approach) domains such as food and social 
attention. Operant extinction by making the negative reinforcer non-eliminable does, by 
definition, increase exposure to the negative reinforcer and can support the development of 
adaptive coping responses to deal with the aversive event, although emotional side-effects are 
also likely (Lattal et al., 2013).  
4. The validity of avoidance extinction 
 Evidence from a range of sources supports the external validity of laboratory-based fear 
and avoidance learning research models (Pittig et al., 2018; Vervliet & Raes, 2013). Despite 
this, the validity of experimental research on avoidance extinction, as a determinant of future 
evidence-based efforts aimed at understanding and treating anxiety disorders, has somewhat 
lagged behind that of avoidance learning research (Dymond et al., 2018; Pittig et al., 2018). 
Applying the different, but not necessarily independent, tests of validity (face validity, 
diagnostic validity, predictive validity, and construct validity) to avoidance extinction 
procedures may be helpful in identifying gaps in research and highlighting future research 
directions (Krypotos et al., 2018; Scheveneels et al., 2017). 
 Face validity is “the degree of phenomenological similarity between the behavior in the 
model and the symptoms of the disorder” (Vervliet & Raes, 2013, p. 2241; Scheveneels et al., 
2017), and avoidance extinction procedures have excellent validity in this regard. Fear 
extinction procedures clearly mimic real-world conditions where threat is absent, yet 
excessive avoidance persists, while response prevention closely resembles therapeutic 
interventions aimed at overcoming maladaptive avoidance. Furthermore, response-
independent presentations of the aversive event procedures are akin to situations where the 
aversive outcome is still experienced despite efforts aimed at ameliorating or preventing 
contact with the feared event, while making the aversive event non-eliminable is also 
common in coping with anxiety-related disorders (e.g., in panic disorder, panic attacks may 
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still occur despite avoidance; Salkovskis et al., 1991). In terms of diagnostic validity, findings 
obtained with clinical or subclinical populations should indicate that “the behaviors differ 
from healthy individuals (in intensity or frequency)” and support the model as a potential 
diagnostic marker (Vervliet & Raes, 2013, p. 2242). The evidence for the potential diagnostic 
validity of the model of avoidance extinction is sparse, perhaps due to the fact that there are 
many disparate approaches to the study of extinction. As a result, little research has been 
aimed at directly comparing whether or not clinical or sub-clinical groups differ from healthy 
participants on the acquisition and extinction of avoidance. However, research using a 
specific procedure (US devaluation) has shown the persistence of well-established, habitual 
avoidance following devaluation of the aversive event in patients with OCD (Gillan et al., 
2014; but see, de Wit et al., 2018) and individuals with high intolerance of uncertainty 
(Flores et al., 2018).  
The application of predictive validity tests means that “performance in the model 
predicts performance in the disorder” (Vervliet & Raes, 2013, p. 2241). In general, research 
on avoidance extinction is supportive of the role played by Pavlovian and operant processes 
in successful exposure therapy for anxiety disorders, however little work has directly tested 
how such these assumptions apply to the characteristics of anxiety and related disorders. 
Finally, construct validity refers to “the disease relevance of the methods by which the model 
is constructed, with a focus on recreating the etiological process in the model” (Vervliet & 
Raes, 2013, p. 2242). While evidence is supportive of the underlying learning mechanisms 
involved in fear learning (Pittig et al., 2018), research on the clinical application of avoidance 
learning and extinction is somewhat limited. 
Clearly, much remains to be done in the empirical analysis and clinical application of 
research on avoidance extinction. The external validity of laboratory-based procedures, such 
as fear extinction and response prevention are relatively well-established, although their 
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impact with clinical populations remains under-investigated. The potential of operant 
methods such as response-independent presentations of the aversive event and making the 
aversive event non-eliminable should also be a key focus of future basic and applied research 
on avoidance extinction, and the potential overlap with Pavlovian methods such as occasional 
presentations of the aversive event during extinction (Culver et al., 2018) should be fully 
investigated. 
4. Gaps and directions for research on avoidance extinction 
Historically disparate, although not incompatible, theoretical approaches to the study of 
avoidance extinction has led to variability in the terms used to describe various procedures. 
Consistency in terminology is needed, not only between associative and operant learning 
domains but also between clinicians and researchers. With that in mind, future research may 
benefit from the following classifications of avoidance extinction procedures. The proposed 
terminology draws on the nomenclature developed by Pavlovian and operant approaches and 
has the advantage of making the procedures employed readily accessible to researchers from 
different domains involved in translational investigations of avoidance extinction. The use of 
a consistent terminology in avoidance extinction research may also help to bridge the gaps 
and foster a closer synthesis between the operant and Pavlovian domains. Indeed, there is a 
growing awareness of the need to look beyond fear or threat related responses and to 
understand how behavioral engagement opportunities (approach or avoidance) may be 
maximized (LeDoux et al., 2016; Pare & Quirk, 2017). 
It is proposed that when response prevention is included in a procedure, it should be 
accurately labelled as such. The terms, US extinction, should be reserved for procedures 
where the US is withheld but avoidance may still occur; US extinction + response prevention 
is recommended when the US is withheld and avoidance is actively prevented (and response 
rates under such conditions should be continuously measured); the terms, unavoidable 
Avoidance Extinction 22 
aversive event are suggested for instances where the aversive event is non-eliminable and the 
avoidance response remains available, and the terms, unavoidable aversive event + response 
prevention may be used where the aversive event is non-eliminable and the avoidance 
response is not available.   
The continuous measurement of avoidance behavior is essential for informing the 
findings of laboratory-based treatment studies of avoidance extinction. Reducing avoidance 
behavior to zero or near-zero levels requires that all phases be continuously measured in 
order to determine robust treatment effects. It is therefore noteworthy that some studies of 
avoidance extinction in humans employing response prevention procedures have not recorded 
behavior during the crucial extinction test phase (Vervliet et al., 2017), making it impossible 
to determine whether or not avoidance had, in fact, extinguished. Much of the research 
reviewed here used a flooding procedure (Baum, 1970; ExtRP) and tested avoidance 
extinction when the response was available again, finding that persistent avoidance occurs 
with mere US extinction, but that gradual extinction occurs under ExtRP. Clearly, the 
assumption that removal of the opportunity to avoid, by for instance removing an on-screen 
cue, is sufficient for avoidance to decrease and extinguish (usually within a fixed number of 
trials) should be carefully evaluated. Avoidance is, of course, still measured during 
subsequent testing when the avoidance option is available again but determining the 
effectiveness of response prevention necessitates demonstrating that responding was in fact 
prevented and eliminated. Doing so may also have implications for the identification of 
subtle avoidance behaviors used by clients in therapy and which may go unnoticed, and 
hence untreated, by therapists. Therefore, continuously recording avoidance responding 
during all extinction sessions is essential for informing the clinical utility of the procedures. 
The complete extinction of avoidance may not however be a clinical target, and it is therefore 
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important that future research states what level is practical and or clinically significant to 
achieve before avoidance can be said to have extinguished.  
This notwithstanding, future research should adopt predetermined acquisition and 
mastery criteria to ensure stability of trained avoidance prior to any manipulations of 
avoidance extinction. Stable avoidance criteria should include discriminated responding (i.e., 
high rates of avoidance in the presence of the CS+ and low or zero rates of avoidance in the 
presence of the CS-), and participants excluded if criteria are not met but data held for 
subsequent subgroup analyses. Adopting acquisition and mastery criteria will likely impact 
on the accuracy of a priori sample size estimates, but the advantages of ensuring that all 
analyzed data meets predetermined criteria should outweigh any practical challenges in data 
collection. Relatedly, future research aimed at the empirical understanding of avoidance 
extinction should carefully justify criteria used to infer extinction of avoidance by, for 
example, determining thresholds within which avoidance may be said to have extinguished. 
When so doing, it is good practice to measure performance across multiple blocks of trials 
and/or sessions.  
Research on avoidance extinction should develop and evaluate novel experimental 
paradigms that model ongoing, excessive avoidance in complex situations (Krypotos et al., 
2018; Pittig et al. 2018). There is a need to look beyond discrete stimulus presentations and 
simple, overt avoidance responses to more creative ways of modelling ecologically-valid 
avoidance and its extinction. Advances in technology such as virtual reality (VR) should be 
fully investigated by, for example, embedding avoidance acquisition and extinction trials 
within the context of an ongoing (appetitive) VR task, allowing for continuous measurement 
across time and contexts (Carl et al., 2018; Dunsmoor et al., 2014; Shiban et al., 2015).  
Further work that makes use of research designs such as yoked control designs (Boeke 
et al., 2017), triadic designs (Hartley et al., 2014), and small-N designs (Smith & Little, 
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2018), may prove helpful in understanding the underlying learning mechanisms and 
boundary conditions of avoidance extinction, often without the need to recruit large samples 
of participants. The interplay between avoidance extinction processes and other fear learning 
and renewal processes, such as reinstatement (van Uijen et al., 2018) and resurgence (e.g., 
Alessandri et al., 2015) is warranted. It is notable, for instance, that little work has been 
conducted on reinstatement of avoidance (but see, Cameron et al., 2015) compared to the 
literature that exists on fear reinstatement (Haaker et al., 2014). A better understanding of the 
role of reinstatement in maintaining maladaptive avoidance and its subsequent extinction has 
obvious clinical relevance (Vervliet et al., 2013). Moreover, further translational work is 
needed to investigate the role of the availability of alternative reinforcement on resurgence 
and renewal of negatively reinforced escape and avoidance behavior (Alessandri et al., 2015). 
Research on methodological factors, including the relative utility of different avoidance 
paradigms such as passive vs. active and signaled vs. unsignaled for informing the acquisition 
and extinction of clinically relevant avoidance in humans, is also required. Similarly, factors 
such as the co-occurrence of CS termination with avoidance responses and the availability of 
US escape responses, particularly when scheduled in conjunction with operant extinction 
procedures, as well as the impact of US devaluation procedures, should all be subject to 
robust scrutiny with validated procedures.  
Future research studies should investigate the role of individual differences and 
clinically relevant trait variables in avoidance extinction (Krypotos et al., 2018). The extant 
data indicate roles for neuroticism, intolerance of uncertainty, behavioral flexibility, 
experiential avoidance and distress tolerance, among other traits, in the acquisition (e.g., 
Hassoulas et al., 2014; Morriss et al., 2018), extinction (e.g., Flores et al., 2018; Vervliet & 
Indekeu, 2015; Vervliet et al., 2017) and generalization of avoidance (e.g., Arnaudova et al., 
2016; Hunt et al., 2017; Lommen et al., 2010). Further analyses with large samples are 
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therefore needed to make clear the validity of avoidance acquisition, generalization and 
extinction paradigms for informing clinical treatment of anxiety-related disorders. Moreover, 
it is recommended that future studies present frequency distributions (e.g., Morriss et al., 
2018) or apply statistical methods such as latent growth curve modelling (Krypotos, 
Moscarello, et al., 2018) to identify heterogenous subgroups of participants who do or do not 
acquire (extinguish) avoidance and explore any predictive relationships with relevant trait 
factors. Finally, work is needed on the neural substrates of persistent avoidance in different 
groups of patients and healthy controls (Boeke et al., 2017; Schlund et al., 2010).  
Developments in these areas could impact on translational neuroscience research which 
typically adopts behaviorally validated paradigms. Indeed, it is possible that the relative 
dearth of research on avoidance extinction compared to that on fear extinction may in part be 
due to the lack of novel experimental paradigms and the predominant, one-system view that 
avoidance is a product of fear and fear circuits (e.g., Fanselow & Pennington, 2018; Perusini 
& Fanselow, 2015). If, instead, neuroscience research viewed fear and avoidance as 
dissociable (LeDoux, 2014; LeDoux & Pine, 2016), then there is scope and potential for 
neuroscience to develop mechanistic theories of avoidance extinction with immediate 
treatment implications for domains such as anxiety disorders (e.g., social anxiety: Rudaz et 
al., 2017), addiction (Sheynin et al., 2016), and pain (Meulders et al., 2016; van Vliet et al., 
2018).  However, without validated behavioral approaches and a shift away from fear-based 
views of avoidance, neuroscience-based approaches will remain disconnected from 
contemporary clinical research and treatment of avoidance. Decades of operant work on 
avoidance extinction offer tremendous promise in this regard.   
5. Conclusion 
The translational relevance of experimental psychopathology, associative learning, 
and operant conditioning approaches, separate and combined, in understanding the 
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acquisition, maintenance, generalization, and extinction of fear and avoidance is widely 
accepted. Research drawn from these approaches continues to inform therapeutic 
interventions for anxiety and related disorders, and the validity of laboratory-based treatment 
studies is well established. Despite these advances, research on fear has predominated that on 
avoidance, most likely due to the theoretical disputes surrounding the status of avoidance 
itself (Dymond & Roche, 2009; LeDoux et al., 2016). Given that, it is perhaps not surprising 
that avoidance extinction in humans has been studied using different procedures drawn from 
disparate domains.  
Opportunities exist for research on avoidance extinction to view the arrangement of 
extinction procedures as facilitating a behavioral transition state (Sidman, 1960). Overcoming 
pathological avoidance is central to effective behavioral treatment for anxiety related 
disorders and arranging contingencies for avoidance extinction thereby also fosters 
conditions necessary for changing behavior. Approached in this way, avoidance extinction 
represents a type of transition state between a maladaptive, learned behavioral repertoire and 
an adaptive, replacement set of skills. Much of the research on avoidance extinction reviewed 
here has tended to focus on the former aspect at the expense of the latter. Potentially 
neglected transition states that arise during avoidance extinction may include operant-based 
approach-avoidance training (Van Dessel et al., 2018) and reflective versus reactive learning 
situations (Pittig et al., 2018), amongst others. Similarly, a detailed analysis of the role of 
prior learning history, in particular stressor controllability (Hartley et al., 2014) and 
reinforcement rate (Xia et al., 2017) on the subsequent effectiveness of extinction, is needed. 
Moreover, counterconditioning (Gambril, 1967; Kang et al., 2018) or differentially 
reinforcing replacement behaviors that compete with the protective mechanisms of avoidance 
are worthy, yet under-examined issues of enormous clinical relevance (Bennett et al., 2018). 
Investigating these issues with complex/ambiguous settings and naturalistic avoidance tasks 
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(Pare & Quirk, 2017) to further understand the interaction with basic fear learning and 
generalization mechanisms (Pittig et al., 2018), and monitoring the long-term effectiveness of 
avoidance extinction procedures with clinical and healthy populations also warrants further 
empirical attention.  
Consistency in terminology is essential if research on avoidance extinction is to 
continue to grow and yield insights into the reduction and generation of behavior. Accurately 
classifying procedures in terms of their underlying associative or operant principles will 
greatly aid dissemination of findings and the widespread adoption of avoidance paradigms. 
For too long, associative and operant paradigms have approached the study of avoidance and 
its extinction separately, with little interaction between the domains, and with each 
employing its own empirical and theoretical nomenclature; the present article suggests they 
may each have more in common with one another than at first suspected. Synthesizing these 
disparate literatures involves considerable response effort, yet there is much to be gained 
from this and future attempts to bridge theoretical and empirical divides to the study of 
avoidance extinction and other learning processes. Closer attention to the potential for 
collaborative exchange between the different research approaches to avoidance extinction 
will help facilitate the empirical and clinical resurrection of avoidance for understanding the 
acquisition, maintenance, spread, and extinction of adaptive and maladaptive avoidance 
behavior. 
 
 
Acknowledgments 
The author has no conflict of interest to declare. The author thanks Pat Friman, 
Angelos-Miltiadis Krypotos, Bryan Roche, Mike Schlund, Bram Vervliet, Weike Xia and 
Dan Zuj for helpful comments on earlier versions of this article. 
Avoidance Extinction 28 
  
Avoidance Extinction 29 
References 
Alessandri, J., Lattal, K.A., Cançado, C.R. 2015. The recurrence of negatively reinforced 
responding of humans. J Exp Anal Behav. 104, 211–222. doi:10.1002/jeab.178 
Angelakis, I., Austin, J.L. 2018. The effects of the non-contingent presentation of safety 
signals on the elimination of safety behaviors: An experimental comparison between 
individuals with low and high obsessive-compulsive profiles. J Behav Ther Exp 
Psychiatry. 59, 100–106. 
Arnaudova, I., Krypotos, A.-M., Effting, M., Kindt, M., Beckers, T. 2016. Fearing shades of 
grey: Individual differences in fear responding towards generalisation stimuli. Cogn 
Emot. 31,1181-1196. doi: 10.1080/02699931.2016.1204990 
Arnaudova, I., Kindt, M., Fanselow, M., Beckers, T. 2017. Pathways towards the 
proliferation of avoidance in anxiety and implications for treatment. Behav Res Ther. 
96, 3–13. doi:10.1016/j.brat.2017.04.004 
Ayres, J.J.B., Benedict, J.O., Glackenmeyer, R., Matthews, W. 1974. Some factors involved 
in the comparison of response systems: Acquisition, extinction, and transfer of head-
poke and lever press Sidman avoidance. J Exp Anal Behav. 22, 371–379. 
doi:10.1901/jeab.1974.22-371 
Azrin, N.H., Holz, W.C. 1966. Punishment, in: W. K. Honig (Ed.), Operant Behavior: Areas 
of Research and Application. New York: Appleton-Century-Crofts, pp. 213-270. 
Baer, D.M. 1961. Escape and avoidance response of pre-school children to two schedules of 
reinforcement withdrawal. J Exp Anal Behav. 3, 155–159. 
Barlow, D.H. 2002. Anxiety and its disorders: The nature and treatment of anxiety and panic. 
Guilford Press: New York. 
Baron, A. 1991. Avoidance and punishment, in: I.H. Iversen, K.A. Lattal (Eds.), 
Experimental Analysis of Behavior, Part 1. Amsterdam: Elsevier Science, pp. 173–217. 
Avoidance Extinction 30 
Baum, M. 1966. Rapid extinction of an avoidance response following a period of response 
prevention in the avoidance apparatus. Psychol Rep. 18, 59-64. 
Baum, M. 1970. Extinction of avoidance responding through response prevention (flooding). 
Psychol Bull. 74, 276–284. doi:10.1037/h0029789 
Beckers, T., Craske, M.G. 2017. Avoidance and decision making in anxiety: An introduction 
to the special issue. Behav Res Ther. 96, 1-2. doi: 10.1016/j.brat.2017.05.009. 
Bennett, M., Roche, B., Baeyens, F., Vervliet, B., Dymond, S., Whelan, R., Hermans, D. 
2018. Transitions from avoidance: Differential reinforcement of competing behaviors 
reduces generalized avoidance in novel contexts. Manuscript submitted for publication. 
Boeke, E.A., Moscarello, J., LeDoux, J.E., Phelps, E.A., & Hartley, C.A. 2017. Active 
avoidance: Neural mechanisms and attenuation of Pavlovian conditioned responding. J 
Neurosci. 37, 4808-4818. doi: 10.1523/JNEUROSCI.3261-16.2017 
Bolles, R.C. 1973. The avoidance learning problem, in: G. H. Bower (Ed.), The Psychology 
of Learning and Motivation. New York: Academic Press, pp. 97–145. 
Bouton, M.E. 2002. Context, ambiguity, and unlearning: Sources of relapse after behavioral 
extinction. Biol Psychiatry. 52, 976–986. 
Boyle, S., Roche, B., Dymond, S., Hermans, D. 2016. Generalization of fear and avoidance 
along a semantic continuum. Cogn Emot. 30, 340-352. 
doi:10.1080/02699931.2014.1000831 
Cameron, G., Schlund, M.W., Dymond, S. 2015. Generalization of socially transmitted and 
instructed avoidance. Front Behav Neurosci. 9:159. doi: 10.3389/fnbeh.2015.00159 
Cain, C.K. 2018. Avoidance problems reconsidered. Curr Opin Behav Sci. 26, 9–17. 
doi:10.1016/j.cobeha.2018.09.002 
 
 
Avoidance Extinction 31 
Carl, E., Stein, A.T., Levihn-Coon, A., Pogue, J.R., Rothbaum, B., Emmelkamp, P., 
Asmundson, G.J.G, Carlbring, P., Powers, M.B. 2018. Virtual reality exposure therapy 
for anxiety and related disorders: A meta-analysis of randomized controlled trials. J 
Anxiety Disord. doi: 10.1016/j.janxdis.2018.08.003 
Corr, P.J. 2013. Approach and avoidance behaviour: Multiple systems and their interactions. 
Emot. Rev. 5, 285–290. doi:10.1177/1754073913477507 
Coulson, G., Coulson, V., Gardner, L. 1970. The effect of two extinction procedures after 
acquisition on a Sidman avoidance contingency. Psychon Sci. 18, 309–310. 
Craske, M.G., Hermans, D., Vervliet, B. 2018. State-of-the-art and future directions for 
extinction as a translational model for fear and anxiety. Phil. Trans. R. Soc. B, 373 
20170025; doi: 10.1098/rstb.2017.0025. 
Culver, N.C., Stevens, S., Fanselow, M.S., Craske, M.G. 2018. Building physiological 
toughness: Some aversive events during extinction may attenuate return of fear. J. 
Behav. Ther. & Exp. Psychiat. 58, 18-28. 
Davenport, D.G., Olson, R.D. 1968. A reinterpretation of extinction in discriminated 
avoidance. Psychon Sci. 13, 5-6. 
Davenport, D.G., Olson, R.D., Olson, G.A. 1971. Preliminary analysis of partial 
reinforcement in discriminated avoidance. Psychon Sci. 22, 9-11. doi: 
10.3758/bf03335913.  
de Wit, S., Kindt, M., Knot, S.L., Verhoeven, A.A.C., Robbins, T.W., Gasull-Camos, J., 
Evans, M., Mirza, H., Gillan, C.M. 2018. Shifting the balance between goals and 
habits: Five failures in experimental habit induction. J Exp Psychol: Gen. 147(7), 1043-
1065. doi:10.1037/xge0000402 
Dinsmoor, J.A. 1977. Escape, avoidance, and punishment: Where do we stand? J Exp Anal 
Behav. 28, 83-95. 
Avoidance Extinction 32 
Dinsmoor, J.A. 1998. Punishment. New York: Allyn & Bacon. 
Dunsmoor, J.E., Ahs, F., Zielinski, D.J., LaBar, K.S. 2014. Extinction in multiple virtual 
reality contexts diminishes fear reinstatement in humans. Neurobiol Learn Mem. 113, 
157–164. 
Dunsmoor, J.E., Campese, V.D., Ceceli, A.O., LeDoux, J.E., Phelps, E.A. 2015. Novelty-
facilitated extinction: Providing a novel outcome in place of an expected threat 
diminishes recovery of defensive responses. Biol Psychiatry. 78, 203–209. 
Dunsmoor, J.E., Niv, Y., Daw, N., Phelps, E.A. 2015. Rethinking extinction. Neuron, 88, 47-
63. doi: 10.1016/j.neuron.2015.09.028 
Dymond, S., Roche, B. 2009. A contemporary behavior analysis of anxiety and avoidance. 
Behav Anal. 32, 7–28. 
Dymond, S., Bennett, M., Boyle, S., Roche, B., Schlund, M. 2018. Related to anxiety: 
Arbitrarily applicable relational responding and experimental psychopathology research 
on fear and avoidance. Perspect Behav Sci. 41, 189-213. doi: 10.1007/s40614-017-
0133-6 
Dymond, S., Dunsmoor, J.E., Vervliet, B., Roche, B., Hermans, D. 2015. Fear generalization 
in humans: Systematic review and implications for anxiety disorder research. Behav 
Ther. 46, 561–582. doi: 10.1016/j.beth.2014.10.001 
Estes, W.K. 1969. Outline of a theory of punishment, in: B.A. Campbell & R.M. Church 
(Eds.), Punishment and Aversive Behavior. New York, NY: Appleton-Century-Crofts, 
pp. 57-82. 
Fanselow, M.S., Pennington, Z.T. 2018. A return to the psychiatric dark ages with a two-
system framework for fear. Behav Res Ther. 100, 24–29. 
Avoidance Extinction 33 
Flores, A., Lopez, F.J., Vervliet, B., Cobos, P.L. 2018. Intolerance of uncertainty as a 
vulnerability factor for excessive and inflexible avoidance behavior. Behav Res Ther. 
104, 34–43. 
Friman, P. C., Dymond, S. 2018. A functional perspective on anxiety, in: P. Sturmey (Ed.), 
Functional Analysis in Clinical Treatment (2nd ed.). San Diego: Elsevier. 
Gambril, E. 1967. Effectiveness of the counterconditioning procedure in eliminating 
avoidance behavior. Behav Res Ther. 5, 263-273. 
Geiger, K.B., Carr, J.E., LeBlanc, L.A. 2010. Function-based treatments for escape-
maintained problem behavior: A treatment-selection model for practicing behavior 
analysts. Behav Anal Prac. 3, 22–32. 
Gillan, C.M., Morein-Zamir, S., Urcelay, G.P., Sule, A., Voon, V., Apergis-Schoute, A.M., 
Fineberg, N.A., Sahakian, B.J., Robbins, T.W. 2014. Enhanced avoidance habits in 
obsessive compulsive disorder. Biol. Psychiatry. 75, 631–638. doi: 
10.1016/j.biopsych.2013.02.002  
Gillan, C.M., Robbins, T.W., Sahakian, B.J., van den Heuvel, O.A., van Wingen, G. 2016. 
The role of habit in compulsivity. Eur. Neuropsychopharmacol. 26, 828-840. 
doi:10.1016/j.euroneuro.2015.12.033 
Gray, J.A. 1975. Elements of a two-process theory of learning. New York: Academic Press. 
Greene, W.A., Sutor, L.T. 1971. Stimulus control of skin resistance responses on an escape-
avoidance schedule. J Exp Anal Behav. 16, 269-274. 
Haaker, J., Golkar, A., Hermans, D., Lonsdorf, T.B. 2014. A review on human reinstatement 
studies: an overview and methodological challenges. Learn Mem. 21, 424–440. 
Haesens, K., Vervliet, B. 2015. Beyond extinction: Habituation eliminates conditioned skin 
conductance across contexts. Int J Psychophysiol., 98, 529-34. doi: 
10.1016/j.ijpsycho.2014.11.010.  
Avoidance Extinction 34 
Hartley, C.A., Gorun, A., Reddan, M.C., Ramirez, F., Phelps, E.A. 2014. Stressor 
controllability modulates fear extinction in humans. Neurobiol. Learn. Mem. 113, 149–
156. 
Hassoulas, A., McHugh, L., Reed, P. 2014. Avoidance and behavioural flexibility in 
obsessive compulsive disorder. J Anxiety Disord. 28, 148-153. 
Hefferline, R.F., Keenan, B., Harford, R.A. 1959. Escape and avoidance conditioning in 
human subjects without their observation of the response. Science, 130, 1338-1339. 
Herrnstein, R.J. 1969. Method and theory in the study of avoidance. Psychol Rev. 76, 49–69. 
Herrnstein, R.J., Hineline, P.N. 1966. Negative reinforcement as shock-frequency reduction. 
J Exp Anal Behav. 9, 421–430. 
Higgins, S.T., Morris, E.K. 1984. Generality of free-operant avoidance conditioning to 
human behavior. Psychol Bull. 96, 247–272. 
Hineline, P.N. 1981. The several roles of stimuli in negative reinforcement, in: P. Harzem & 
M. D. Zeiler (Eds.), Predictability, Correlation, and Contiguity. New York: Wiley, pp. 
203–246. 
Hineline, P.N., Rosales-Ruiz, J. 2013. Behavior in relation to aversive events: Punishment 
and negative reinforcement, in: G. J. Madden (Ed.), APA Handbook of Behavior 
Analysis: Vol. 1. Methods and Principles. Washington, DC: American Psychological 
Association, pp. 483-512. 
Hofmann, S.G., Hay, A.C. 2018. Rethinking avoidance: Toward a balanced approach to 
avoidance in treating anxiety disorders. J Anxiety Disord. 55, 14-21. 
Hunt, C., Cooper, S.E., Hartnell, M.P., Lissek, S. 2017. Distraction/Suppression and Distress 
Endurance diminish the extent to which generalized conditioned fear is associated with 
maladaptive behavioral avoidance. Behav Res Ther. 96, 90-015. 
Avoidance Extinction 35 
Hutton, L., Lewis, P. 1979. Effects of response-independent negative reinforcers on 
negatively reinforced key pecking. J Exp Anal Behav. 32, 93–100. 
doi:10.1901/jeab.1979.32-93 
Iwata, B.A. 1987. Negative reinforcement in applied behavior analysis: an emerging 
technology. J Appl Behav Anal., 20, 361–378. doi: 10.1901/jaba.1987.20-361 
Jean-Richard-Dit-Bressel, P., Killcross, S., McNally, G.P. 2018. Behavioral and 
neurobiological mechanisms of punishment: implications for psychiatric disorders. 
Neuropsychopharmacology, 43,1639–1650. doi:10.1038/s41386-018-0047-3 
Kang, S., Vervliet, B., Engelhard, I.M., van Dis, E.A.M., Hagenaars, M.A. 2018. Reduced 
return of threat expectancy after counterconditioning versus extinction. Behav Res 
Ther. 108, 78-84. doi:10.1016/j.brat.2018.06.009. 
Kirlic, N., Young, J., Aupperle, R.L. 2017. Animal to human translational paradigms relevant 
for approach-avoidance conflict decision making. Behav Res Ther. 96, 14-29. 
Krypotos, A., Effting, M., Kindt, M., Beckers, T. 2015. Avoidance learning: A review of 
theoretical models and recent developments. Front Behav Neurosci. 9, 189. doi: 
10.3389/fnbeh.2015.00189   
Krypotos, A-M., Engelhard, I.M. 2018. Testing a novelty-based extinction procedure for the 
reduction of conditioned avoidance. J Behav Ther Exp Psychiatry. 60, 22–28. 
Krypotos, A-M., Vervliet, B., Engelhard, I.M. 2018. The validity of human avoidance 
paradigms. Behav Res Ther, 111, 99-105. doi:10.1016/j.brat.2018.10.011 
Krypotos, A-M., Moscarello, J.M., Sears, R.M., LeDoux, E.J., Galatzer-Levy, I. 2018. A 
principled method to identify individual differences and behavioral shifts in signaled 
active avoidance. Learn. Mem. 25: 564-568. doi:10.1101/lm.047399.118 
Lattal, K.A., St. Peter, C., Escobar, R. 2013. Operant extinction: Elimination and generation 
of behavior, in: G. J. Madden (Ed.), APA Handbook of Behavior Analysis: Vol. 1. 
Avoidance Extinction 36 
Methods and Principles. Washington, DC: American Psychological Association, pp. 
77-107. 
Laraway, S., Snycerski, S., Michael, J., Poling, A. 2003. Motivating operations and terms to 
describe them: some further refinements. J Appl Behav Anal. 36, 407–414. doi:  
10.1901/jaba.2003.36-407 
LaRue, R.H., Stewart, V., Piazza, C.C., Volkert, V.M., Patel, M.R., Zeleny, J. 2011. Escape 
as reinforcement and escape extinction in the treatment of feeding problems. J Appl 
Behav Anal. 44, 719-735. 
LeDoux, J.E. 2014. Coming to terms with fear. Proc Natl Acad Sci USA. 111, 2871–2878. 
doi: 10.1073/pnas.1400335111  
LeDoux, J.E., Daw, N.D. 2018. Surviving threats: neural circuit and computational 
implications of a new taxonomy of defensive behavior. Nat Rev Neurosci, 
doi:10.1038/nrn.2018.22 
LeDoux, J.E., Pine, D.S. 2016. Using neuroscience to help understand fear and anxiety: A 
two-system framework. Am J Psychiatry. 173, 1083–1093. doi: 
10.1176/appi.ajp.2016.16030353 
LeDoux, J.E., Moscarello, J., Sears, R., Campese, V. 2016. The birth, death and resurrection 
of avoidance: A reconceptualization of a troubled paradigm. Mol Psychiatry. 22, 24–
36. doi:10.1038/mp.2016.166 
Lejuez, C.W., O’Donnell, J., Wirth, O., Zvolensky, M.J., Eifert, G.H. 1998. Avoidance of 
20% carbon dioxide-enriched air with humans. J Exp Anal Behav. 70, 79–86. 
Lerman, D.C., Iwata, B.A. 1996. Developing a technology for the use of operant extinction in 
clinical settings: an examination of basic and applied research. J Appl Behav Anal. 29, 
345–385. doi:10.1901/jaba.1996.29-345 
Avoidance Extinction 37 
Lerman, D.C., Vorndran, C.M. 2002. On the status of knowledge for using punishment: 
Implications for treating behavior disorders. J App Behav Anal. 35, 431–464. 
Lommen, M.J J., Engelhard, I.M., van den Hout, M.A. 2010. Neuroticism and avoidance of 
ambiguous stimuli: Better safe than sorry? Pers. Individ. Dif. 49, 1001–1006. doi: 
10.1016/j.paid.2010.08.01 
Lovibond, P.F. 2006. Fear and avoidance: An integrated expectancy model, in: M.G. Craske, 
D. Hermans, D. Vansteenwegen (Eds.), Fear and learning: Basic science to clinical 
application. Washington, DC: American Psychological Association, pp. 117–132. 
Lovibond, P.F., Mitchell, C.J., Minard, E., Brady, A., Menzies, R.G. 2009. Safety behaviours 
preserve threat beliefs: Protection from extinction of human fear conditioning by an 
avoidance response. Behav Res Ther. 47, 716-720. doi:10.1016/j.brat.2009.04.013 
Maia, T. V. (2010). Two-factor theory, the actor-critic model, and conditioned avoidance. 
Learning & Behavior, 38, 50–67. doi:10.3758/lb.38.1.50. 
Malloy, P., Levis, D.J. 1988. A laboratory demonstration of persistent human avoidance. 
Behav Ther. 19, 229-241. doi:10.1016/S0005- 7894(88)80045-5. 
Meulders, A., Van Daele, T., Volders, S., Vlaeyen, J.W.S. 2016. The use of safety-seeking 
behavior in exposure-based treatment for fear and anxiety: Benefit or burden? A meta-
analytic review. Clin Psychol Rev. 45, 144-156. doi: 10.1016/j.cpr.2016.02.002 
Meulders, A., Franssen, M., Fonteyne, R., & Vlaeyen, J.W. 2016. Acquisition and extinction 
of operant pain-related avoidance behavior using a 3 degrees-of-freedom robotic arm. 
Pain, 157, 1094-104. doi:10.1097/j.pain.0000000000000483. 
Morriss, J., Chapman, C., Tomlinson, S., van Reekum, C. M. 2018. Escape the bear and fall 
to the lion: The impact of avoidance availability on threat acquisition and extinction. 
Biol Psychol, 138, 73-80. 
Avoidance Extinction 38 
Mowrer, O.H. 1947. On the dual nature of learning: A reinterpretation of ‘‘conditioning’’ and 
‘‘problem solving.’’ Harv Educ Rev. 17, 102–148. 
Myers, K.M., Davis, M. 2007. Mechanisms of fear extinction. Mol Psychiatry. 12, 120-150. 
doi:10.1038/sj.mp.4001939  
Olatunji, B.O., Cisler, J.M., Deacon, B.J. 2010. Efficacy of cognitive behavioral therapy for 
anxiety disorders: A review of meta-analytic findings. Psychiatr Clin North Ams 33, 
557-577. doi:10.1016/j.psc.2010.04.002 
Perusini, J.N., Fanselow, M.S. 2015. Neurobehavioral perspectives on the distinction 
between fear and anxiety. Learn Mem. 22, 417–425. 
Piazza, C.C., Patel, M.R., Gulotta, C.S., Sevin, B.M., Layer, S.A. 2003. On the relative 
contributions of positive reinforcement and escape extinction in the treatment of food 
refusal. J App Behav Anal. 36, 309–324. doi:10.1901/jaba.2003.36-309 
Poling, A., Normand, M. 1999. Noncontingent reinforcement: An inappropriate description 
of time-based schedules that reduce behavior. J Appl Behav Anal., 32, 237–238. doi:  
10.1901/jaba.1999.32-237 
Pittig, A., Treanor, M., LeBeau, R.T., Craske, M.G. 2018. The role of associative fear and 
avoidance learning in anxiety disorders: Gaps and directions for future research. 
Neurosci Biobehav Rev. 88, 117-140. doi:10.1016/j.neubiorev.2018.03.015 
Rattel, J.A., Miedl, S.F., Blechert, J., Wilhelm, F.H. 2017. Higher threat avoidance costs 
reduce avoidance behaviour which in turn promotes fear extinction in humans. Behav 
Res Ther. 96, 37-46. doi:j.brat.2016.12.010 
Rescorla, R.A. 2001. Experimental extinction, in: R.R. Mowrer and S.B. Klein (Eds.) 
Handbook of Contemporary Learning Theories. Erlbaum, Mahwah, NJ, pp.119-154. 
Rescorla, R.A., Skucy, J.C. 1969. Effect of response independent reinforcers during 
extinction. J Comp Physiol Psychol. 67, 381–389. doi:10.1037/h0026793 
Avoidance Extinction 39 
Riccio, D.C., Silvestri, R. 1973. Extinction of avoidance behavior and the problem of residual 
fear. Behav Res Ther. 11, 1-9. doi:10.1016/0005-7967(73)90063-6. 
Roche, B., Kanter, J.W., Brown, K.R., Dymond, S., Fogarty, C.C. 2008. A comparison of 
“direct” versus “derived” extinction of avoidance. Psychol Rec. 58, 443-464. 
Rodriguez-Romaguera, J., Greenberg, B.D., Rasmussen, S.A., Quirk, G.J. 2016. An 
avoidance-based rodent model of exposure with response prevention therapy for 
obsessive-compulsive disorder. Biol Psychiatry. 80, 534-40. 
doi:10.1016/j.biopsych.2016.02.012. 
Rudaz, M., Ledermann, T., Margraf, J., Becker, E. S., Craske, M. G. 2017. The moderating 
role of avoidance behavior on anxiety over time: Is there a difference between social 
anxiety disorder and specific phobia?. PloS One, 12(7), e0180298. 
doi:10.1371/journal.pone.0180298 
Salkovskis, P.M., Clark, D.M., Hackmann A. 1991. Treatment of panic attacks using 
cognitive therapy without exposure or breathing retraining. Behav Res Ther. 29, 161–
166. 
Scheveneels, S., Boddez, Y., Vervliet, B., Hermans, D. 2016. The validity of laboratory-
based treatment research: Bridging the gap between fear extinction and exposure 
treatment. Behav Res Ther. 86, 87–94. doi: 10.1016/j.brat.2016.08.015 
Schlund, M.W., Siegle, G.J., Ladouceur, C.D., Silk, J.S., Cataldo, M.F., Forbes, E.E., Dahl, 
R.E., Ryan, N.D. 2010. Nothing to fear? Neural systems supporting avoidance behavior 
in healthy youths. NeuroImage, 52, 710-719. 
Schlund, M.W., Brewer, A., Richman, D., Magee, S., Dymond, S. 2015. Not so bad: 
Avoidance and aversive discounting modulate threat appraisal in anterior cingulate and 
medial prefrontal cortex. Front Behav Neurosci. 9:142. doi: 10.3389/fnbeh.2015.00142 
Avoidance Extinction 40 
Schlund, M.W., Brewer, A.T., Magee, S.K., Richman, D.M., Solomon, S., Ludlum, M., 
Dymond, S. 2016. The tipping point: Value differences and parallel dorsal-ventral 
frontal circuits gating human approach-avoidance behavior. Neuroimage, 136, 94-
105. doi:10.1016/j.neuroimage.2016.04.070  
Schöenfeld, W.N. 1950. An experimental approach to anxiety, escape and avoidance 
behaviour, in: P. H. Hoch, J. Zubin (Eds.), Anxiety. New York, NY: Grune and Stratton, 
pp.70-99. 
Seligman, M.E., Johnston, J.C. 1973. A cognitive theory of avoidance learning, in: F. J. 
McGuigan, D. B. Lumsden (Eds.), Contemporary Approaches to Conditioning and 
Learning. V. H. Winston & Sons: Oxford, UK, pp. 69-110. 
Sheynin, J., Beck, K.D., Servatius, R.J., Myers, C.E., 2014. Acquisition and extinction of 
human avoidance behavior: Attenuating effect of safety signals and associations with 
anxiety vulnerabilities. Front. Behav. Neurosci. 8. doi:10.3389/fnbeh.2014.00323 
Sheynin, J., Moustafa, A.A., Beck, K.D., Servatius, R.J., Casbolt, P.A., Haber, P., Elsayed, 
M., Hogarth, L., Myers, C.E. 2016. Exaggerated acquisition and resistance to extinction 
of avoidance behavior in treated heroin-dependent men. J Clin Psychiatry, 77, 386-394. 
Shiban, Y., Reichenberger, J., Neumann, I.D., Mühlberger, A. 2015. Social conditioning and 
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Figure Captions 
 
Figure 1: Number of publications indexed in Web of Science with the search terms 
‘avoidance’, ‘extinction’ and ‘human’, 1978-2018 (as of March 27th 2018). 
 
Figure 2: Varieties of Pavlovian and operant avoidance extinction procedures. Arrows 
indicate left-right temporal sequence. (a) During threat conditioning, a previously neutral, on-
screen cue (in this case, a triangle) is followed by electric shock (CS+); another cue (not 
shown) is followed by the absence of shock (CS-). (b) In avoidance learning, a simple, overt 
action or response (e.g., button-pressing) made in the presence of CS+ cancels the upcoming 
shock delivery. (c) Three main types of Pavlovian avoidance extinction procedures. In fear 
extinction, shock is withheld, and avoidance is still available. In fear extinction with response 
prevention, shock is withheld, and avoidance is prevented. In response prevention + US, 
shock is not withheld, and avoidance is prevented. (d) Three main types of operant avoidance 
extinction procedures. In shock extinction, shock is withheld, and avoidance is still possible. 
In making shock non-eliminable (i.e., unavoidable shock), shock is not withheld, and 
avoidance is still available. In response-independent shock-free periods, shock is withheld 
non-contingently, regardless of behavior, and cycles between periods of shock presentation 
and avoidance availability. See text for details.   
